Abstract-The work presented in this paper was carried out within the IROMEC project that develops a robotic toy for children. Play has an important role in child development with many potential contributions to therapy, education and enjoyment. The project investigates how robotic toys can become social mediators, encouraging children with disabilities to discover a range of play styles, from solitary to social and cooperative play (with peers, carers/teachers, parents etc). This paper presents design issues for such robotic toys related specifically to children with autism as the end user target group. In order to understand the play needs of this user group, and to investigate how robotic toys could be used as a play tool to assist in the children's development, a panel of experts (therapists, teachers, parents) was formed and interviewed. Results of the expert panel interviews highlight key points characterizing the play of children with autism, and key points for consideration in the design of future robotic toys.
I. INTRODUCTION
As early on as infancy, play activity creates and uses auxiliary stimuli and is a crucial part of the child's development [I] . Vygotsky argued that the biological foundation of behaviour is intertwined with the changing social condition, both are inseparable components at each stage of a child's development. Winnicott, too, emphasized the importance of cultural experience in what he called potential space between the individual and the environment, e.g. baby and mother, child and family, individual and society, [2] . Bruner [3] has argued that the motivation for play, and that play itself, is socially constructed. Meanings are learnt in a social way within a particular context [3, 4] . Contemporary work in activity theory also shows how children's play is socially and culturally constructed [5] .
The work presented in this paper is part of our investigation in the IROMEC project (IROMEC -Interactive RObots as MEdiators Companions), a European FP6 project supported by the European Commission. The project recognizes the important role of play in child development and targets children who are prevented from or inhibited in playing, either due to cognitive, developmental, or physical impairment, which affect their playing skills leading to general impairment in their learning potential, cognitive development, and may result in isolation from the social environment. IROMEC investigates how robotic toys can become social mediators encouraging children with disabilities to 1 The work described in this paper was conducted within the EU project "IROMEC" (Interactive Robotic Social Mediators as Companions) and was co-funded by the European Commission in the 6th Framework Programme under contract IST-FP6-045356. discover a range of play styles, from solitary to social and cooperative play, and provide opportunities for learning and enjoyment involving other children as well as carers/teachers or parents who "join in" the game with the robot. This paper specifically address the role of our team within the IROMEC project concerning the development of robotic toy specifically for children with autism. In the remainder of this paper we will focus on this particular end-user target group.
II. A END-USER TARGET GROUP -CHILDREN WITH AUTISM
Autism here refers to Autistic Spectrum Disorders, a range of manifestations of a disorder that can occur to different degrees and in a variety of forms [ 19] . The exact cause or causes of autism is/are still unknown. Autism is a lifelong developmental disability that affects the way a person communicates and relates to people around them. People with autism often have accompanying learning disabilities2. The main impairments that are characteristic of people with autism, according to the National Autistic Society [20] , are impairments in social interaction, social communication and imagination (referred to by many authors as the triad of impairments, e.g. [21] ). This can manifest itself in difficulties in forming social relationships, the inability to understand others' intentions, feelings and mental states, difficulties in understanding gesture and facial expressions, difficulty in understanding metaphors, having a limited range of imaginative activities etc. People with autism usually show little reciprocal use of eye-contact. They also have a tendency toward repetitive behaviour patterns and resistance to any change in routine. In addition some people with autism have hyper-sensitive sensory conditions. Touch can be excruciating, smell can be overpowering, sound, even at an average volume can hurt, and sight can be distorted [22] .
As autism can manifest itself to different degrees and in a variety of forms, not only might children in different schools have different needs, but also children in the same school might show completely different patterns of behavior from one to another, and might have different or even some contradictory needs.
III. PRELIMINARY DESIGN CONSIDERATIONS
An important question when designing robots to assist the play of children with autism, and thus possibly also to be used in the therapy and education of children with autism, is whether one should use humanoid robots that closely resemble human beings (e.g. possessing a lot of facial features such as eyes, eyebrows, mouth etc.), as suggested e.g. by [6] , or rather utilize machine-like, clearly non-humanoid robots, as argued e.g. in [7] . First evidence presented in our previous work in the Aurora project [8, 9] clearly supports the case of using simple robots with few features. Results indicated that children with autism showed a preference for interaction with a robot with a plain/robotic appearance over a fully featured human-like "pretty doll" appearance.
An example of a specific design issue that impacts the way children with autism interact with a robots relates to the presence /absence of eyes or eye-like features. Literature suggests that people with autism usually show little reciprocal use of eye-contact and rarely engage in interactive games. Current work, however, shows that some children do engage in eye contact, or are attracted generally by eyes (whether of a real person's eyes or a drawing on toys), while, on the other hand, other children feel threatened by eyes (see section VII below). One ofthe advantages of using a robotic toy is that once a robot becomes familiar, it might be possible to gradually change the appearance toward a more human-like appearance, which could also assist the children in generalizing experiences from interactions with robots to interactions with people, in line with the analysis presented by Ferrara and Hill in their studies with different toys for children with autism [10] . Indications toward this could be seen in [9] where a case study investigation showed examples where a child with autism directed his eye-gaze towards a robot's face which was only a simple featureless mask with two holes suggesting eyes, clearly attempting to make eye contact with the robot. This raises some questions regarding what level of complexity of facial features is sufficient to trigger a "socially interactive" response in children with autism. Results from our investigation may inform us about robotic design suitable for the purpose of education and therapy of children with autism and help build robots that incrementally guide the children with autism interacting with robots towards more complex and human-like behaviour (see Fig. 1 below) . beyond the scope of this paper, please see [12, 13] ).The influence of these approaches on the methodologies utilized in the design process of interactive products spans from the workplace to home or educational contexts e.g. [14] [15] [16] .
One important issue regarding the design and evaluation processes of interactive products is the involvement and role of end users in the design teams and project design loop. Some approaches consider users in a more reactive fashion where they are evaluating prototypes or final products. Some other approaches consider the need to include users as full members of the design team. Scaife and Rogers [17, 18] proposed the notion of Informant Design, where the central point is to acknowledge the need to consider how different stakeholders with different knowledge/abilities/needs can inform the design at different stages of the development by being prompted by different types of material/artefacts/prototypes. Following a similar approach, our studies regarding the design of a robotic toy for children with autism within the IROMEC project created a framework that includes different phases for the elicitation of requirements and evaluation ofprototypes from possible users. In our case, users are not only the children that will play with the toys but also the carers, teachers or parents who might set up the scenario for play and either be part of the play scenario involving the child and the robot, or they may guide/direct the children's interaction with the robot without necessarily being involved in the play directly.
The user panels we conducted are part ofthe initial design phase of the project in order to find out about the children's interest, in the context of a play scenario, their likes and dislikes, their abilities and needs. Thus, the user panels were set up to elicit initial requirements and give us some understanding of the design space we are facing. Given the nature of the disorder it was not possible to directly include the children in the interviews. Instead we turned to the carers, teachers, parents and expert researchers in order to tap into the extensive knowledge they possess regarding the daily interactions and activities of children with autism. The in-volvement of the children will occur in a next stage through exploratory studies where we will test specific design issues in the light of conceptual frameworks or theories regarding autism. Furthermore, involving professional carers in our initial efforts also enabled us to understand their own likes and dislikes and the ways they envision the use of robotic toys in therapy or care.
V. THE PANEL OF EXPERTS
Several panels of experts were set by the project's partners in various European countries (i.e. Spain, Italy, The Netherlands, Austria, UK). The panels related to different end-user groups (children with different disabilities; e.g. physical disabilities, cognitive disabilities, autism). The panel described in this paper relates specifically to children with autism.
The UK panel involved professionals from different schools, as well as parents and family members of children with autism. The panel consisted of 7 teachers from 3 different schools, 5 therapists (psychotherapist, speech therapist, play therapist, physiotherapist, occupational therapist) and two parents and family members.
A common methodology was used in all the panels' interviews. This included a short presentation of the project and the aim of the panel meeting, followed by a power point presentation that presented the aims and objectives of the project and gave examples of related previous work. The presentation was followed by a "story telling" session where the members of the panel provided insight into the current play ofthe children and its characteristics, accompanied with specific examples of the children's play.
The session continued with a "brain storming" discussion amongst the panel members around pre-set questions that aimed to find out which of the play activities / functionality of the robot toys could be of added value for the specific target end-user, which environment this could best take place in, and the critical aspects of the children's behaviour and needs that such a robotic toy could address.
All panel meetings were tape recorded and reports were compiled addressing the key characteristics of the children's play and the key points concerning the design of a robotic toy that might assist the children's play, a summary ofwhich is presented and discussed below.
We organized five different panel meetings in different locations. The key points resulting from these meeting are listed below. Because of the variety of abilities and behaviours of the children, a variety of points are made, some are complementary and some appear contradictory. We Play description. according to the teachers, the children here do not have the desire to play and do not get involved in anything "playful" other than their own "obsessive" activity (e.g. playing with running water or moving sand, moving rice grains, moving cars and trains). They can play interactive games with others if they are told to, but they will need to be instructed and supported during the game, otherwise they very quickly return to their "own thing".
B. Middleton School-Ware UK Middleton school is a special school for children with moderate learning difficulties, with approximately 92 pupils. The school also has a small base of special classes for children with autism.
Play description: part of the children's routine in this school is starting the day with free un-directed play time. Children are encouraged to do physical games (such as football etc.) outside but also can choose any game indoors. to the incentive is to give them time to do what they choose to do -their own time, their chosen space. It also provides an opportunity for them to engage in their "obsessive" activities (some always play with sand, other always play with trains, other always play with spaceships etc). The children expect it as part of their routine, and they accept when play time is finished and they happily continue with the next, structured, activity of the day. They are more manageable and more focused after that period of play time. when being imitated. a interactors -they often seem to play better with an adult than with another child (they don't appear to take any notice of another child in the vicinity).
B. Key points concerning the design ofa robotic toy: Familiarity:
* a toy that is unfamiliar can be unsettling-so it needs to have built-in familiarity (familiar aspects in looks, sensory output, behaviour etc. ), e.g. if it is a doll then it needs a familiar set of clothes that can be taken on and off. * on the one hand the robot needs to show some structured behavior so the children know what to expect, but the behaviour should also evolve continually, and thus can help to sustain the children's attention after the novelty wears off.
Choice and control: a choice -it is VERY important that the child is able to make choices. The robotic toy should have a range offeatures that are familiar to the specific child (e.g. safe objects/pieces of music/colour of lights) to let the child choose. Some children prefer a toy that can produce sounds and/or lights etc, so that children can not only watch it, but are actively involved in 'making the interaction happen', exploring the toy etc. * the robot could be covered by cloth or other material in order to provide more sensory experience. * the robot could be adapted to a particular set (a living room for example) that provides a context that also can be explored at home. bots' characteristics to the needs they envision? As stated above, autism has a wide range of manifesta-tions where children might display completely different patterns of behaviour from one to another (a variety interaction styles can be seen in Fig 2) . The results discussed in section IV above show that children with autism might have different or even contradictory needs. The challenge in providing a high degree of flexibility in an assistive tool to answer these needs, implies that there is a strong requirement for a built-in modularity that could be accessed by the users, and to their choosing.
Also, an important issue to consider in future work concerns the interface that the robot provides to the children (interaction modalities etc.), but, equally important, the interface to carers/teachers/parents who may want to change settings and tune the robot's behaviour.
IX. CONCLUSION
Interaction with the environment in play provides stimuli that influence and control the behaviour of the child and is crucial to child development [23] . Here, the interaction between the child and the environment is based on reciprocal stimulation that creates transitions of change and modification. This leads to refinement in the nature of the child's behaviour, which also becomes more orderly. This sequence of actions and reinforcements becomes structured and predictable, and could enhance the quality of the child's behaviour and may affect the speed with which he/she develops. This dyadic model of interaction with the environment could be implemented in robotic systems that can be used with autistic children to provide stimuli and reinforcement in a controlled manner (a gradual increase in complexity) helping the child learn basic social behaviour skills.
Being a programmable system, a robot can provide various stimuli that could promote the child to interact with it in different ways. The ability to modify the response ofthe robot according to the way the child interacts, and to repeat this modified response, can make the cycle of actions and reinforcement orderly and predictable. Robotic systems could have both, a built-in modularity to accommodate different needs of different children as well as a built-in capability to gradually increase the complexity of the interaction thus providing more complex stimuli that may promote further learning (e.g. simple imitation games might become more complex turn-taking activities).
